We study the effects of U.S. monetary policy shocks on the bilateral exchange rate between the U.S. and each of the G7 countries. We also estimate deviations from uncovered interest rate parity and exchange rate pass-through conditional on these shocks. The analysis is based on a structural vector autoregression in which monetary policy shocks are identified through the conditional heteroscedasticity of the structural disturbances. Unlike earlier work in this area, our empirical methodology avoids making arbitrary assumptions about the relevant policy indicator or transmission mechanism in order to achieve identification. At the same time, it allows us to assess the implications of imposing invalid identifying restrictions. Our results indicate that the nominal exchange rate exhibits delayed overshooting in response to a monetary expansion, depreciating for roughly ten months before starting to appreciate. The shock also leads to large and persistent departures from uncovered interest rate parity, and to a prolonged period of incomplete pass-through. Variance-decomposition results indicate that monetary policy shocks account for a non-trivial proportion of exchange rate fluctuations.
Introduction
The dominant view in the literature on exchange rate determination is based on the premises that prices are sticky in the short run and that uncovered interest rate parity (UIP) holds continuously. As first established by Dornbusch (1976) , these assumptions together imply that the nominal exchange rate must immediately overshoot its long-run level in response to a monetary policy shock. Price stickiness also implies that, conditional on a monetary policy shock, exchange rate pass-through to domestic prices is incomplete in the short run, which translates into violations of the law of one price and, therefore, deviations from purchasing power parity. Following the seminal work of Obstfeld and Rogoff (1995) , recent theoretical studies on exchange rate determination have sought to incorporate these features into fully optimizing, rational-expectation models. Despite being more sophisticated, however, these models preserve the essence of the Dornbusch model, continuing to emphasize the interaction of nominal rigidities and monetary policy shocks as the main mechanism driving exchangerate fluctuations.
The purpose of this paper is to evaluate the empirical relevance of this view. More specifically, we estimate the effects of U.S. monetary policy shocks on the bilateral exchange rate between the U.S. and each of the remaining G7 countries. We also estimate deviations from UIP and exchange rate pass-through to U.S. domestic prices conditional on these shocks. Finally, we measure the importance of monetary policy shocks in accounting for the variability of each of these variables. Surprisingly, little empirical work has been done to measure the effects of monetary policy shocks on exchange rates. Furthermore, the handful of empirical studies that have attempted to examine this issue using vector autoregressions (VAR) did not reach a consensus regarding the direction in which and the extent to which monetary policy shocks affect the exchange rate. Indeed, some studies find that the nominal exchange rate does not immediately overshoot its long-run level in response to a monetary policy shock. Instead, it exhibits a hump-shaped profile, reaching its maximal response several months after the shock; a pattern often referred to as delayed overshooting (e.g., Eichenbaum and Evans 1995, Roubini 1995, 1996) . Others, in contrast, find that the exchange rate overshooting is nearly immediate (e.g., Kim and Roubini 2000 and Kalyvitisa and Michaelides 2001) . Similarly, there is little agreement on the importance of monetary policy shocks in accounting for exchange-rate movements: estimates of the fraction of exchange rate variability that is attributed to monetary policy shocks range from essentially zero (e.g., Scholl and Uhlig 2005) to over 50 percent (e.g., Kim and Roubini 2000) .
In the same vein, although it is now well established that there are significant departures from UIP, which imply the existence of predictable excess returns on the foreign-exchange market, there is little and mixed evidence on the extent to which these departures are due to unexpected changes in monetary policy. Deviations from UIP conditional on monetary policy shocks and the importance of these shocks in accounting for the variability of excess returns are found to be large in some studies (e.g., Eichenbaum and Evans 1995 and Faust and Rogers 2003) but fairly small in others (e.g., Kim and Roubini 2000) .
To some extent, the discrepancy in results across these earlier studies is attributed to the method used to identify monetary policy shocks within structural vector autoregressions (SVAR). Although most of existing studies measure monetary policy shocks with innovations to the short term interest rate, they differ in the restrictions imposed on the interactions between the variables included in the SVAR, which in turn determine the mechanism through which shocks propagate. Four types of restrictions can be found in the literature: recursive zero restrictions (e.g., Eichenbaum and Evans 1995, Roubini 1995, 1996) , nonrecursive zero restrictions (e.g., Kim and Roubini 2000) , sign and shape restrictions (e.g., and Gali 1994 and Rogers 1999). 1 These different types of restrictions have in common that they are arbitrary in nature. Faust and Rogers (2003) further argue that some of the commonly used zero restrictions are highly stylized and, therefore, unlikely to provide a plausible description of the transmission channels of monetary policy shocks. Based on an empirical exercise in which they eliminate all dubious identifying assumptions, they conclude that the peak response of the nominal exchange rate to a monetary policy shock may be delayed or nearly immediate, and that monetary policy may or may not be important in accounting for exchange-rate fluctuations. While this study provides useful insights into the consequences of imposing dubious identifying assumptions, it does not resolve the uncertainty surrounding the effects of monetary policy shocks on foreign-exchange variables. Scholl and Uhlig (2005) attribute this inconclusiveness to the fact that the restrictions imposed by Faust and Rogers (2003) 1 Studies based on long-run restrictions have focused on the real rather than the nominal exchange rate.
are too weak to narrow down the range of plausible monetary policy shocks. Put differently, these restrictions lead to under-identified SVARs, so that monetary policy shocks are not uniquely determined. This in turn implies that the underlying restrictions are not testable. This paper is in the spirit of the work of Faust and Rogers, but differs from it in several important respects. It estimates a flexible SVAR where monetary policy shocks are identified by exploiting the conditional heteroscedasticity of the structural innovations, a procedure that has recently been proposed by Normandin and Phaneuf (2004) . Unlike the identification procedures used in earlier studies, which impose conditional homoscedasticity of the innovations, this data-based approach does not rely on any arbitrary assumption about the relevant indicator or transmission mechanism of monetary policy. It is therefore a judgement-free approach which, in addition, allows one to formally test the commonly used restrictions, including recursive zero restrictions, which are predominant in the literature.
Our results indicate that following an unanticipated monetary expansion, the nominal exchange rate exhibits delayed but rapid overshooting, reaching its maximal depreciation between 8 and 11 months after the shock. The monetary policy shock also triggers significant and persistent departures from UIP as well as a prolonged period of incomplete exchange rate pass-through, which exhibits a non-monotonic pattern. Interestingly, our approach generates empirically plausible results for all the variables included in the SVAR without having to impose arbitrary restrictions on their dynamic responses. Variance-decomposition results reveal that monetary policy shocks are relatively important in explaining the variability of the nominal exchange rate, with a contribution that exceeds 30 percent at the 36-month horizon in some cases. In contrast, there is no clear evidence that the empirical failure of UIP is mainly driven by monetary disturbances, at least at short horizons. Compared with the results reported by Faust and Rogers, our findings provide more conclusive evidence on the effects of monetary policy shocks. This is mainly because our identification procedure tightly identifies these shocks.
We also find that imposing invalid identifying restrictions may lead to misleading impulseresponse and variance-decomposition results. In particular, when monetary policy shocks are identified with orthogonalized innovations to the federal funds rate, as is frequently assumed, the dynamic response of the nominal exchange rate to a monetary policy shock is counterfactually small and lacks the delayed overshooting pattern. The restrictions associated with the federal funds rate also result in a severe understatement of the importance of monetary policy shocks in accounting for the variability of the nominal exchange rate.
The rest of the paper is organized as follows. Section 2 describes the empirical methodology. Section 3 performs a preliminary analysis of the data. Section 4 discusses the estimated effects of monetary policy shocks on the nominal exchange rate, deviations from UIP, and exchange rate pass-through. Section 5 performs a robustness analysis. Section 6 concludes.
Empirical Methodology

Specification
The SVAR system (in innovation form) is:
where ν t are the statistical innovations, ǫ t are the structural innovations, and A captures the interactions between current statistical innovations. The SVAR includes variables that belong to the goods market, reserve market, and foreign-exchange market. The goods variables are U.S. total output, y t , the U.S. price index, p t , and the world commodity-price index, cp t . The reserve variables are the U.S. non-borrowed reserves, nbr t , total reserves, tr t , and the federal funds rate, f f t . The foreign-exchange variables are the differential between the foreign and U.S. nominal short-term interest rates, dr t , and the nominal exchange rate measuring the number of U.S. dollars needed to buy one unit of foreign currency, e t . 2 Following Bernanake and Mihov (1998), the market for U.S. bank reserves is further developed via the simple formulation:
where ǫ s,t is a shock representing an exogenous policy action taken by the Fed, or monetary policy shock, while ǫ d,t and ǫ b,t denote respectively the shocks of demand for total reserves and for borrowed reserves by commercial banks. The parameters σ s , σ d , and σ b are the standard deviations scaling the structural innovations of interest, while φ d and φ b are unrestricted parameters, and α and β are positive parameters. Equation (2) describes 2 The choice of these variables is further discussed in Section 2.3.
the procedures which may be used by the Fed to select its monetary policy instruments. Equation (3) represents the banks' demand for total reserves in innovation form. Equation (4) is the banks' demand for borrowed reserves in innovation form, under the assumption of a zero discount-rate innovation.
Inserting the equilibrium solution of the model (2)-(4) in system (1) gives: 
where a ij (i, j = 1, ...8) are unconstrained parameters. The system (5) allows interactions between the terms within and across the blocks of goods, reserve and foreign-exchange variables. As a result, all variables may be contemporaneously affected by the structural innovations and, in particular, by monetary policy shocks.
It is instructive to rewrite the fourth equation in (5) as
where (6) is interpreted as the Fed's feedback rule. The term ν s,t measures the statistical innovation of the monetary policy indicator. This indicator is expressed as a combination of the reserve variables, reflecting the notion that the Fed might be adopting a mixed procedure whereby it targets neither the interest rate nor a monetary aggregate exclusively. The expression in brackets in equation (6) captures the systematic response of the Fed to changes in the non-reserve variables. More precisely, the feedback rule implies that the Fed designs its policy by taking into account current values of output, the price level, commodity prices, the interest differential, and the exchange rate. Finally, the term σ s ǫ s,t is the scaled monetary policy shock.
The conditional scedastic structure of system (5) is:
The matrix Σ t = E t−1 (ν t ν ′ t ) measures the conditional non-diagonal covariance matrix of the non-orthogonal statistical innovations, Γ t = E t−1 (ǫ t ǫ ′ t ) is the conditional diagonal covariance matrix of the orthogonal structural innovations, while I = E(ǫ t ǫ ′ t ) normalizes the unconditional variances of the structural innovations. The dynamics of the conditional variances of the structural innovations are determined by
The operator • denotes the element-by-element matrix multiplication, while ∆ 1 and ∆ 2 are diagonal matrices of parameters. Equation (8) involves intercepts that are consistent with the normalization I = E(ǫ t ǫ ′ t ). Also, (8) implies that all the structural innovations are conditionally homoscedastic if ∆ 1 and ∆ 2 are null. On the other hand, some structural in- 
Identification
Under conditional heteroscedasticity, system (5) and, in particular, the monetary policy shocks and their effects on macroeconomic variables can be identified. The sufficient (rank) condition for identification states that the conditional variances of the structural innovations are linearly independent. That is, λ = 0 is the only solution to Γλ = 0, such that (Γ ′ Γ) is invertible -where Γ stacks by column the conditional volatilities associated with each structural innovation. The necessary (order) condition requires that the conditional variances of (at least) all but one structural innovations are time-varying. In practice, the rank and order conditions lead to similar conclusions, given that the conditional variances are parameterized by GARCH(1,1) processes (see Sentana and Fiorentini 2001) . 3 3 Rigobon (2003) develops an alternative identification method which also exploits the conditional heteroscedasticity of the structural innovations. His method and the procedure used in this paper share the same intuition: the conditional heteroscedasticity adds equations to the system, allowing the number of unknown parameters to match the number of equations. However, the estimation strategies are different: In Rigobon's paper, the conditional variances of the structural innovations are estimated for each of the pre-selected volatility regimes, rather than from a parametric specification such as a GARCH process.
Under conditional homoscedasticity, system (5) is not identified. In this environment, certain targeting restrictions and orthogonality conditions must be imposed to identify the monetary policy shocks (rather than the entire system). The usual targeting restrictions, which define the monetary policy indicator, are the following:
• Non-borrowed reserve (NBR) indicator: φ d = φ b = 0. The Fed targets the nonborrowed reserves. Thus, the non-borrowed reserves are the single policy variable and ν s,t = ν nbr,t .
• Borrowed reserve (BR) indicator: φ d = 1 and φ b = α/β. The Fed targets borrowed reserves. The policy variables are the non-borrowed reserves and total reserves, and the policy indicator is ν s,t = −(1 + α/β)(ν tr,t − ν nbr,t ).
• Adjusted non-borrowed reserve (ANBR) indicator: α = φ b = 0. In this case, shocks to total reserves are purely demand shocks which are fully accommodated by the Fed in the short run. The policy indicator is the adjusted non-borrowed reserves or the portion of non-borrowed reserves which is orthogonal to total reserves: ν s,t = ν nbr,t − φ d ν tr,t .
• Federal funds rate (FFR) indicator: φ d = 1 and φ b = −1. The Fed targets the federal funds rate and decides to fully offset shocks to total reserves and borrowing demand.
The federal funds rate is the single policy variable and ν s,t = −(β + α)ν f f,t .
The usual orthogonality conditions are the following:
• No impact effects: a ij = 0 (for i = 1, . . . , 3 and j = 4, . . . , 8). These restrictions impose the absence of contemporaneous effects of policy variables on goods variables.
In this case, the policy shocks in (6) are orthogonal to the goods variables. Note that these effects can be direct or indirect. The direct effects are captured, for example, by • No feedback effects: a ij = 0 (for i = 4, . . . , 6 and j = 7, 8). These restrictions imply that ρ 4j = 0 (for j = 7, 8 
Estimation strategy and data
We estimate system (5) using a two-step procedure. The first step consists in estimating, by ordinary least squares (OLS), a τ -order VAR that includes output, consumer and commodity prices, non-borrowing and total reserves, the federal funds rate, the interest rate differential, and the nominal exchange rate. From this regression, we extract estimates of the statistical innovations ν t for t = τ + 1, ..., T. For given values of the (non-zero) elements of the matrices A, ∆ 1 , and ∆ 2 , it is then possible to construct an estimate of the conditional covariance matrix Σ t recursively, using equations (7) and (8) The variables used in the analysis are constructed as follows: y t is measured by the U.S. industrial-production index; p t is measured by the U.S. consumer-price index, cp t is measured by the world-export commodity-price index; nbr t and tr t correspond to the U.S.
non-borrowed and total reserves, respectively, and f f t is measured by the federal funds rate.
The interest rate differential, dr t , is constructed as the difference between the U.S. threemonth Treasury Bill rate and its foreign counterpart. 4 The exchange rate, e t , is defined as the number of U.S. dollars required to purchase one unit of foreign currency. All series, except the federal funds rate and the interest rate differential are seasonally adjusted and expressed in logarithm. 5 Our empirical analysis does not take into account the foreign counterparts of y t and p t . While, admittedly, this omission implies an asymmetric treatment of the U.S. and the foreign country, it is largely dictated by the computational burden involved in estimating GARCH processes with a large number of variables. When we added foreign output and the foreign price index to the list of variables used in estimation, the extended SVAR proved to be difficult to estimate by FIML. To circumvent this problem, and as a robustness check of our results, we estimated the extended SVAR using a conditional (limited-information) maximum-likelihood procedure. 6 The details and results of this estimation are discussed in Section 5.
4 The short-term interest rate is measured by the three-month Treasury Bill rate for Canada, France, and the U.K., by the Call money rate for Germany and Japan, and by the money market rate for Italy.
5 Exchange-rate series are not seasonally adjusted but are expressed in logarithm. 6 An alternative strategy to treat the U.S. and the foreign country in a more symmetric manner would be to express output and prices in terms of differences between the U.S. and each of the remaining G7 countries. This approach would not allow us, however, to compute the response of U.S. variables to a U.S. monetary policy shock, and therefore to compare our results to those reported in existing studies.
Preliminary Analysis
Specification tests
For each system, the VAR process includes six lags (τ = 6). 7 The McLeod and LM test statistics are often significant for p-order autocorrelations of the squared VAR residuals and ARCH(p) effects (with p = 1, 3, 6). These results suggest the presence of conditional heteroscedasticity in some statistical innovations, which is likely to translate into timevarying conditional variances of the structural innovations. Table 1 reports estimates of the GARCH(1,1) parameters. These estimates indicate that the U.S. monetary policy shock has a highly persistent conditional variance, as the sum of the ARCH and GARCH coefficients exceeds 0.95 in all cases. More importantly, the estimates imply that the order condition for identification is always satisfied, since seven of the eight structural innovations are heteroscedastic. Likewise, the rank condition is always satisfied given that (Γ ′ Γ) is systematically invertible. These results mean that monetary policy shocks can be identified through the conditional heteroscedasticity of the structural innovations. 8 Table 2 reports estimates of the reserve-market parameters. With few exceptions, the estimates are fairly similar across the six systems. 9 This is somewhat reassuring given that the six systems share the same U.S. reserve-market variables. The slope of demand for total reserves, α, has the correct sign in all cases, while that of the supply of borrowed reserves, β, has the predicted sign in all but one case. Both parameters, however, are often imprecisely estimated.
Recall that the specification (2)- (4) Table 3 , indicate that the restrictions cannot be rejected at any conventional level of significance, which suggests that the specification (2)- 7 In all cases, the Ljung-Box and heteroscedastic-robust Lagrange-Multiplier (LM) test statistics are never significant (at the 1% level) for p-order autocorrelations and AR(p) processes of the VAR residuals (with p = 1, 3, 6). 8 In all cases, the McLoed and LM test statistics are never significant for p-order autocorrelations of the squared structural innovations (relative to their conditional variances) and GARCH(p,q) effects (with p = 3, and 6 and q = 1). This suggests that the estimates of the GARCH(1,1) coefficients provide an adequate description of the conditional heteroscedasticity of all structural innovations, including monetary policy shocks. 9 The only notable exceptions are the estimate of σ b in the system involving Japan and those of β in the systems involving Germany and Japan.
(4) provides an empirically plausible description of the U.S. reserve market. 10 We therefore refer to the SVAR (5) as the unrestricted system, and to the dynamic responses and variance decompositions it generates as the valid ones.
Panel B of Table 3 reports for each estimated system the p-value of the Wald statistic for the joint test of the targeting and orthogonality restrictions associated with each monetary policy indicator. The results indicate that these restrictions are soundly rejected in all cases, thus implying that it is inappropriate to account for the stance of U.S. monetary policy using a framework in which the Fed focuses on a single reserve variable, and which imposes the orthogonality of the policy shock to a set of economic variables.
Monetary policy shocks
From the monetary authority's feedback rule (6) , it is possible to extract the sequence of U.S. monetary policy shocks, ǫ s,t , implied by the unrestricted system (5). Smoothed measures of these shocks (computed as five-month centered moving averages) are depicted in 
Dynamic responses of selected U.S. variables
In this section, we analyze the dynamic effects of U.S. monetary policy shocks on output, the price level, and the nominal interest rate. The aim of this exercise is to demonstrate that our approach yields sensible results regarding the effects of monetary policy on U.S. economic activity. Figure 2 depicts the unrestricted response of output (first row), the price index (second row), and the federal funds rate (sixth row) to an expansionary monetary policy shock, along with their corresponding confidence intervals. 11 The size of the shock is normalized to its unconditional standard deviation. Following a monetary expansion, U.S. output increases in all of the estimated systems. In four of the six cases, the response is hump shaped, reaching its peak between 15 and 20 months after the shock. This non-monotonic pattern has been documented by several empirical VAR-based studies using various identification schemes (e.g., Christiano, Eichenbaum, and Evans 1999). The shock also triggers an increase in the price level in all but one system (the United Kingdom). While the response is relatively muted in the first months following the shock, the price index converges to a higher long-run level. The initial inertia of the price level in response to a monetary policy shock has also been observed by Christiano et al. (1999) .
The monetary expansion leads to an initial decline in the federal funds rate, which persists for five months in most of the systems, followed by a sharp increase in the subsequent months. That is, the unrestricted system generates a short-lived liquidity effect. This result tends to support the so-called vanishing-liquidity-effect hypothesis, according to which the fall in the nominal interest rate following an expansionary monetary policy shock has become smaller in the post-1982 period (see also Pagan and Robertson 1995 and Christiano 1995) .
In sum, the unrestricted system (5) generates empirically plausible dynamic responses of output, the price level, and the federal funds rate to a U.S. monetary policy shock. In particular, it does not lead to a price puzzle, namely, a negative response of the price level to an expansionary monetary policy shock, as is the case with some earlier studies. 12 
Results
This section studies the predictions of system (5) regarding the dynamic effects of U.S. monetary policy shocks on the nominal exchange rate, deviations from UIP, and the degree of exchange rate pass-through. It also evaluates the relative importance of monetary policy shocks in accounting for exchange-rate and excess-return variability. In each case, we discuss the consequences of imposing counterfactual identifying assumptions. More specifically, we compare the valid dynamic responses and variance decompositions with those obtained upon imposing various sets of recursive zero restrictions.
The nominal exchange rate
The dynamic responses of the nominal exchange rate are depicted in Figure 3 . The first row shows the unrestricted response of the U.S. dollar (vis-à-vis the currencies of the G7 countries) to an unanticipated U.S. monetary expansion and its confidence interval. The remaining rows superpose on the unrestricted response those obtained by imposing the restrictions associated with the ANBR, BR, FFR, and NBR indicators along with the orthogonality conditions. The unrestricted system implies that following a positive monetary policy shock, the U.S. dollar depreciates significantly and persistently against all the six currencies, as theory predicts. In general, the exchange rate exhibits delayed overshooting, attaining its maximum response between 8 and 11 months after the shock. This result violates Dornbusch's overshooting model according to which the nominal exchange rate should immediately exceed its long-run level in response to a monetary policy shock. On the other hand, our findings suggest that the peak response of the nominal exchange rate occurs much earlier than reported by Eichenbaum and Evans (1995) . 13 The only exception occurs in the system involving Canada, where the response of the nominal exchange rate is muted at all horizons.
What are the implications of imposing invalid identifying restrictions on the system (5) for the dynamic response of the nominal exchange rate? The second, third, and fourth rows of Figure 3 show that imposing the restrictions associated with the NBR, BR, and ANBR indicators along with the orthogonality conditions yields qualitatively similar predictions to those implied by the unrestricted specification. The three sets of restrictions imply that the nominal exchange rate reaches its peak with a delay in five of the six estimated systems. In each of these cases, however, the magnitude of the exchange rate response is relatively small compared with its unrestricted counterpart. On the other hand, imposing the restrictions associated with the FFR indicator and the orthogonality conditions generates results that deviate significantly from the valid ones. Under these restrictions, the response of the U.S. dollar is essentially flat and, with one exception (Japan), does not exhibit any clear delayed overshooting. In addition, the estimated response of the U.S.-Canada bilateral exchange rate is negative on impact, an anomaly often called the exchange rate puzzle (see, for example, Roubini 1995, 1996) .
These results suggest that the delayed overshooting of the exchange rate is robust to imposing invalid identifying restrictions, except when the monetary policy shock is identified with orthogonalized innovations to the federal funds rate. These restrictions, however, 
Deviations from UIP
The last row of Figure 2 shows that, in four of the six systems, an unanticipated U.S.
monetary expansion drives a positive wedge between the foreign interest rate and its U.S. counterpart, at least in the first few months following the shock. Together with the delayed overshooting of the nominal exchange rate, this positive interest rate differential implies a violation of UIP. Indeed, UIP requires that a positive interest rate differential be associated with an appreciating exchange rate, meaning that the dollar should have immediately depreciated following the shock, before subsequently appreciating towards its long-run equilibrium. Deviations from UIP imply that there are predictable excess returns in the foreign-exchange market. Following Eichenbaum and Evans (1995), we construct a measure of excess return, Ψ t , as
Hence, if UIP holds, the conditional expectation E t Ψ t+k must be identically zero at any horizon k. The effect of a monetary policy shock on this conditional expectation is straightforward to compute from the impulse responses of the interest rate differential and the nominal exchange rate. The dynamic path of expected excess return obtained from the unrestricted and restricted systems are shown in Figure 5 .
The unrestricted system predicts that a positive monetary policy shock leads to sizable and persistent departures from UIP. In some cases (France, Italy, and Japan), the expected excess return exceeds 20 basis points on impact. In other cases (Germany and the U.K.), deviations from UIP take more than three years to die away. These results are consistent with the evidence reported by Eichenbaum and Evans (1995) and Faust and Rogers (2003) , which points to large conditional deviations from UIP, thus questioning the validity of models of exchange rate determination that embed the UIP condition. For Canada, however, expected excess return is small and statistically indistinguishable from zero. This outcome is a direct consequence of the muted response of the nominal exchange rate and the interest rate differential between the U.S. and Canada. A plausible explanation for this result is the high degree of financial integration between the U.S. and Canada. 14 14 See Normandin (2004) for a discussion of the factors that could have contributed to the high degree of integration between Canadian and U.S. financial markets.
Exchange rate pass-through
A question that has received considerable attention in recent years is the extent to which exchange rate movements are passed through to domestic prices. Traditionally, exchange rate pass-through is measured as the regression coefficient of domestic inflation on changes in the nominal exchange rate. This reduced-form approach treats pass-through as an unconditional phenomenon. Bouakez and Rebei (2008) argue, however, that the degree of exchange rate pass-through depends on the nature of the structural shocks impinging on the economy, and suggest instead to compute conditional estimates of pass-through. One obvious advantage of this approach is that it does not treat exchange rate movements as being exogenous, which would be an inappropriate assumption for a large economy like the United States. Bouakez and Rebei define pass-through conditional on a given shock as the ratio of the response of the price level to that of the nominal exchange rate. In this paper, we find it convenient to compute exchange rate pass-through conditional on a monetary policy shock, ρ t , as the dynamic response of the following variable:
With this definition, exchange rate pass-through is incomplete when the response of ρ t is negative and complete when the response is equal to zero. One advantage of this measure of pass-through compared with the ratio-based measure is that it is less erratic in regions where the response of the nominal exchange rate is close to zero. The ratio-based measure implies that pass-through is infinite when the response of the exchange rate changes sign.
The unrestricted and restricted measures of pass-through conditional on a U.S. monetary policy shock are depicted in Figure 7 . 15 The unrestricted system implies that the monetary policy shock is followed by a prolonged period of incomplete pass-through, which lasts for more than 15 months in five of the six systems. Only in the system involving Canada, does exchange rate pass-through appear to be complete at all horizons. It is worth noting that because the response of the price index is relatively muted, the shape of exchange rate pass-through is largely determined by the response of the nominal exchange rate. In cases where the exchange rate exhibits delayed overshooting, pass-through has an inverted humpshaped pattern, with a trough occurring between 8 and 11 months after the shock. This observation suggests that exchange rate delayed overshooting and incomplete pass-through are two different manifestations of the same effect.
Results obtained under the restrictions associated with the NBR, BR, and ANBR indicators yield similar conclusions regarding the length of the period of incomplete pass-through.
Imposing these restrictions, however, lead to overestimating the degree of pass-through during that period, especially in the systems involving Italy and Japan. Identifying monetary policy shocks with orthogonalized innovations to the federal funds rate, on the other hand, leads to a totally different pattern of exchange rate pass-through, indicating that it is nearly complete at all horizons.
Robustness Analysis
The purpose of this section is to study the robustness of our results to an alternative specification of the SVAR that treats the U.S. and the foreign country more symmetrically, as in Roubini (1995, 1996) . More specifically, we extend the baseline system (5) to an 11-variable system by adding foreign output and the foreign price index to the list of variables used in estimation and by including the U.S. and the foreign short-term interest rates separately (rather than their difference). 16 Given the difficulty to estimate the extended system by FIML, we instead use a limited-information maximum-likelihood procedure that consists of three steps. The first step is similar to that described in Section 2.3. That is, we estimate by OLS a reduced-form VAR with the 11 variables discussed above and six lags to extract the associated statistical innovations and construct an estimate of their conditional covariance matrix. In the second step, we estimate by maximum likelihood the elements of A, ∆ 1 , and ∆ 2 that are related to the variables included in the baseline SVAR (where the interest rate differential is replaced with the U.S. interest rate). Finally, conditional on these estimates, we select the remaining elements of A, ∆ 1 , and ∆ 2 that maximize the log-likelihood of the sample.
As in the baseline case, estimates of the GARCH(1,1) parameters obtained in the extended case imply that the order and rank conditions for identification are fulfilled. Estimates of the reserve-market parameters are also similar to those reported in Table 2 . 16 Foreign output and the foreign price index are respectively measured by the industrial-production index and the consumer-price index in each of the non-U.S. G7 countries. Both series are seasonally adjusted and expressed in logarithm.
Moreover, test results indicate that the restrictions a 54 = 0 and a 64 = −a 65 cannot be rejected at conventional significance levels whereas the targeting and orthogonality restrictions discussed in Section 2.2 are soundly rejected by the data. 17 Below, we discuss the predictions of the extended SVAR regarding the effects of monetary policy shocks on the nominal exchange rate, excess return, and exchange rate pass-through. To conserve space, we only report the unrestricted results and those obtained upon imposing the restrictions associated with the FFR indicator and the orthogonality conditions, since those restrictions yield the largest departures from the unrestricted results.
The top panels of Figure 8 show the unrestricted response of the nominal exchange rate to an expansionary monetary policy shock. As before, the nominal exchange rate depreciates and exhibits delayed overshooting in five of the six estimated systems, with a peak occurring between 8 to 12 months after the shock. Canada is again an outlier in that the response of its bilateral exchange rate with the U.S. is muted and mostly statistically insignificant. When identification is achieved by imposing the restrictions associated with the FFR indicator, the resulting dynamic responses deviate substantially from their unrestricted counterparts, especially in the case of France, Germany, and Italy (see the bottom panels of Figure   8 ). Variance-decomposition results for the nominal exchange rate are shown in Figure 9 .
Because the extended SVAR involves more shocks than the baseline SVAR, the contribution of monetary policy shocks to exchange rate variability is, by construction, smaller in the former than in the latter. 18 Nonetheless, the top panels of Figure 9 indicate that monetary policy shocks still explain a non-trivial share of exchange-rate movements. For example, the contribution of these shocks to the conditional variance of the one-year step ahead forecast error of the nominal exchange rate exceeds 10 percent in most cases and reaches 30 percent in the case of France and Italy.
The unrestricted dynamic responses of excess return, depicted in the top panels of Exchange rate pass-through conditional on a U.S. monetary policy shock is reported in Figure 12 . As in the baseline case, conditional pass-through is a mirror image of the dynamic response of the nominal exchange rate. The unrestricted SVAR predicts that a monetary policy shock triggers a significant departure from complete pass-through (except for Canada), which attains its maximum between 8 and 12 months after the shock and which persists for several months. In contrast, the results obtained by imposing the restrictions associated with the FFR indicator convey the misleading impression that pass-through is much more complete.
Overall, these results closely resemble those implied by the baseline SVAR. In particular, our main findings regarding the delayed overshooting of the nominal exchange rate, the existence of excess returns and the delayed pass-through conditional on a monetary policy shock appear to be very robust.
Conclusion
This paper has estimated the effects of monetary policy shocks on the nominal exchange rate, excess return, and exchange rate pass-through using a flexible SVAR approach that relaxes arbitrary identifying assumptions associated with the choice of the policy indicator and orthogonality conditions. Our approach identifies monetary policy shocks through the conditional heteroscedasticity of the structural innovations, thus enabling us to test the restrictions commonly imposed in the literature in order to achieve identification.
Our results indicate that a monetary policy expansion leads to a delayed overshooting of the nominal exchange rate, with a peak occurring at around 10 months after the shock, to large deviations from UIP, and to several months of incomplete pass-through. We also show that imposing invalid identifying restrictions may deliver misleading results regarding the effects of monetary policy shocks. Finally, we find that monetary policy shocks account for a non-trivial proportion of the variability of the exchange rate and exchange rate passthrough. While the latter observation lends support to standard sticky-price models of exchange rate determination, the delayed overshooting of the nominal exchange rate and the existence of predictable excess returns on the foreign exchange market are clearly at odds with the predictions of these models. This paper's results, therefore, provide guidance about the direction in which models of exchange rate determination should be amended to better fit the data. 
